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LONG-TERM GOALS

a) Measure the Reynolds stresses, velocity profile, vorticity, dissipation, and turbulent spectra in the
bottom boundary layer of the coastal ocean using particle imaging velocimetry (PIV). The validity of
these direct stress measurements is independent of assumptions about the boundary layer structure,
turbulent spectra and balance of production and dissipation.

b) Quantify the temporal variation of turbulent stresses in relation to the oceanographic parameters
that represent the local environment, such as waves, currents, vertical density gradient, internal wave
regime, and nature of the water-sediment interface. The conclusions will be used to determine the
relative importance of different mechanisms which control the velocity profile and the turbulent
parameters in the benthic boundary layer of the coastal ocean.

c) Quantify the spatial variation of the stress in different environments to determine the relationship
between point measurements and spatial averages, that are necessary for numerical modeling of coastal
currents.

OBJECTIVES

The objective of this project is to directly measure the flow structure and turbulence, including the
Reynolds stress, in the bottom boundary layer of the coastal ocean using particle image velocimetry
(PIV).

APPROACH

Particle image velocimetry (PIV) is capable of mapping two components of the instantaneous velocity
distribution within an entire section of a flow field. Although the actual implementation and analysis
methods vary (Adrian, 1991), they all consist of illuminating the fluid with a laser sheet while seeding
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duration of ~2 Ps is needed for transmitting more than 100 mJ/pulse (the required level) through the
fiber. The selected laser is a dual-head, flashlamp-pumped dye laser whose maximum output is 350
mJ/pulse at 595 nm, using Rhodamine 590 dye, at a maximum repetition rate of 2x15 Hz. Different
wavelengths can be obtained using other dyes. The two beams are coupled into a single 400 µm
diameter fiber. This core size is a compromise between a large core for better power handling and a
small core for reducing the output beam divergence. The fiber terminates in a submerged probe which
houses the optics for conditioning and expanding the beam to a sheet. The output achieved without
difficulty is 126 mJ/pulse with a transmission efficiency of 91%. If damage occurs, it happens on the
input face (located on the surface), and can be repaired by re-terminating the fiber in minutes.

In the setup for bottom boundary layer measurements the camera and laser sheet probes are mounted on
modular optical rails which are connected to a support plate. The plate, along with the optics, can be
rotated by a submerged motor. A hydraulic scissors-jack with a vertical travel of 1.8 m is used for
varying the elevation of the system from the ocean floor up to an elevation of 2 m. The orientation and
elevation of the sample area are remotely controlled. During deployment the platform carries a tilt meter
and a digital compass for monitoring the orientation of the camera, a Sea Bird Sea-Cat CTD, an oxygen
meter, a transmissometer and a Paroscientific Digiquartz pressure transducer for monitoring the surface
waves. All the electronics for controlling the system and transmitting the data are also mounted on the
same plate.

Expansion of the width of the sample area to 1 m: We are in the process of developing the next
generation of oceanic PIV system, which is based on a pair of 2048X2048 pixel cameras. Each camera
covers an (adjacent) area of 50x50 cm2, thus providing an instantaneous velocity distribution in an area
of 0.5 x 1.0 m2 (the latter is the vertical direction). These custom-made cameras with digital image
shifting can acquire up to four frames/s, which is sufficient for generating a “continuous” data base at
speeds up to 2 m/s. This setup would provide data on a 1m wide strip of ocean flow. These cameras
have been purchased and tested successfully in the laboratory. Their 12 bit data and 14 x 14 Pm pixels
have higher dynamic range and four times the sensitivity of the 1K x 1K camera. We are in the process
of installing them in submersible enclosures and all the electronic interfaces have already been designed
and tested. The laser has sufficient power for illuminating the enlarged sample area.

High Speed Image Acquisition System: A new image acquisition system that can support either the 1K x
1K camera or the new pair of 2K x 2K cameras has been constructed and already used during field tests
in summer 1998. It can acquire data at rates of up to 30 MB/sec and feed it directly, through a wide-
band SCSI adapter, to a bank of eight hard disks, each with a capacity of 9 GB (a total of 72 GB). This
system can create a backup from disk to disk or to an integral tape drive while acquiring the data. It
allows us to record 36,000 1K x 1K image pairs, i.e. we can acquire 1 Hz data continuously for 10
hours. At 15 image pairs/sec, we can acquire data for 40 minutes. With the 2Kx2K camera, acquiring 8
bit images, we can record 18,000 images. The disks that do not acquire data at a specific time can be
unplugged and replaced during the experiment, which provides essentially unlimited capacity.

RESULTS

Measurements were made during early June, 1998 in a mud dumpsite covered with sand, 7 miles east of
Highlands, NJ (40.423N, 73.857W). This data from the New York Bight was collected in 15m deep
water, above a sandy bottom. Data for each elevation consists of 2 minutes of image pairs recorded at








